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(57)Abstract: . , 

PURPOSE: To uniformly inject carriers even in a multiple 
quantum well active layer containing a large number of 
layers and provide yellow and green excellent surface 
emission LEDs that have a sufficiently high luminous 
efficacy and can be simply manufactured. , f 

CONSTITUTION: The title invention relates to a LED that 
consists of a n-GaAs substrate 1 1 ; a double 
heterostructure section formed on the substrate 11. 
composed of a multiplex quantum well active layer 15 
sandwiched by a n-type cladding layer 14 and a p-type 
cladding layer 16; a p-GaAIAs current diffusion layer 18 
formed on the double hetero structure section; a positive 
electrode 21 formed on part of the current diffusion layer 
18; and a negative electrode 22 formed on the underside of 
the semiconductor substrate 1 1 . The thickness of the well 
layer and barrier layer in the multiplex quantum well active 
layer 15. is gradually varied in the direction of the lamination 
of the active layer 1 5 so that the quantum levels of the well 
layer will be gradually increased fi-om the electron iruection 
side toward the hole infection side. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 



09.02.2000 



3237972 



h«p://»wl9Jpdljpo.goJp«>Alteul./de«aVn«in/wAAAe9a4W2DA407086637Pl 



.htm 



3/4/2004 



Searching PAJ 



Page 2 of 2 



[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeai against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



h«p./wv,.9.ipd.4po.goOp/PAl/«su..de.ai.mdn/.AAA=9a4W2DA40708663^ 3/4/2004 



Page 1 of I 



(i9>B*s»»r <J 02) ^ SI ^ 1^ ^ ^ 



HOIL 33/00 



3 




i CO^T'^'^--? D#Sg&Jiti©««<^fc p - G a A 




h,,p://v™w4.ip<nopo.goWiWSco«e«ttn.ipd,7NOOOO=2mN0400=to^^^^ 



3/4/2004 



Page 1 of I 



[00021 

[OOOSl I nCaAl P3K&S«- ^lt«stl«< I 

^OOO"] 08tc 1 nGaA I PaitSBiWTiaefe 

Al Pi"^? H'Q8 4. 1 ftOaAl P<S«i)a8 5. n 
-I nGaAl P?5 s KI§8 6A>fi^ti^?'7'rt''^^0 



^^7-86637 

2 

n-InGaAlP«afiJkJa8 7d!aS«Ja««^. « 

10005] +t:c:^S8 2acX^Eit)i8 • 
\t p-GaAlA*SSlEfS»®88aw'P-GaAs 

i-)i8 9*5e!issn. av^j'Hisgaeia 

Sa81©aB«(CnlllSSB9 2*»5iJ«*nr<,»*. 

©SdWEia-'-C"''*. Si*^- InGaAlPjt© 
«:ffl(,»*CtK:J:»3«fe(a«f?aS«ag©LED«4^i* 

=gK«Tf4. cnii. ^SiSSfkCfcifeKAia** 
^<f**^tiiS^'.'4*^. (b^K>S««tAl*S}t 

*-«:®JS-rifc»"C**. ^©LEDk:&<.»"C<>, 

Vo 00 71 *ma^p«8a*»*©i'*'*t • m 

I. {SIR*. lt^Ha&«8W*19 93**- in-13 

[0 00 91 S2K^. USa®8*l*l'^<^LEDK:M't: 



hnp://v™»4ipdlJpo.goOp/ticontert».sipdl7NOOOO=21&N(WO(H^^ 



3/4C004 



Page 1 of 1 



(3) 

3 

*cr. par<>»tn*35JSn- I nGaA 1 
^■y KJi6 4U:tb^t:«5<. ^S^1^8&«^tfc'^'C''<>^" 

[00 10] \yli^0tj:ifih. OaAl Asu:fe<r*C^+ 
[0 0 1 1] 

[0 0 1 3 ] ^m<oi>'^-^<omm\t. «att 

[00 14] 

i^^^&o'iP2?^@Mcc)^'5' ^•B*ctt^ft^y':^'''^'^ 
[0015] ttc. *ifew <s»««2) ^im^ 



4 

[ 0 0 1 6 ] c cr\ '^^m ismm 1 ) it 

lER^kO^ ail' 2 U-^Jl'*^ ftii^J^jfttt^-* •J^'''^^^' 
J: -7 r f> > y 5 C i •CiE7La>^>.«:R?& 

[0017] lp^«)igSl*<.***SMSi^L.'C 

CD ^ms^*Ff#^3?>^^^^<^?£Ai0'^^*^jE7L«:'aAW 

[ 0 0 1 9 ] Sfti, if^^<oM$t Oi^^^MS^t br 

CD «?jS4ifc«©4't^:1^.'a5nA:Ratt^'CC'@IS3!^f^^^!£ 
ffcb CC^< Ci. 

C3) mMtn^^<^^^'r^^f^^^*^^^^-^ i'^'*' 
[0020] 

[fpffl] '^nm itm^i > tcj:ni#. ^^(dseaw*^ 

fjr * J: ^ u: |^SS^»p»2c>&^<^ > - ^MtM^ & 
a^TtM LED i C i & -So 

50 [ 0 0 2 1] {mm2 ) ic^Mit. ^mm 



http://ww4ipdljpo.gojp/tjcontenttrnsapdl?N0000=21&N0400=image/^^ 



3/4/2004 



Page 1 of T 



(4) 

5 

I()()22] 

mtm 1)01 it^m<o^ i a>*ifeiH«:»t>* l e 

A 5 SffitT'^O . C«>S€S 1 1 a>^iS4* ( 1 0 0 ) 

5 [01 1 ] *i^cci 5* iifi4i/ri*^. mm 

\t. !i-GaAsM-..77©l 2, ft-in».» Al 
, s P <S I h"--7'. 5x 1 C'cm") tn-GaA 
c ( S I K--:^. 3 X 1 ()»' c in" ) <D\ OMiO-'^IS.'S 2( 

!.., >... P^^^:^ K©14 (Si 5x10 
^'cnrM . !S^sa^^Ffgft^l5^f.O'p- I lU.! 
(Gae.. AU., PP=>y)rmi^ (ZiiK- 

1 0 0 2 3] if'^y 1 6±tc(i. n - I n G a A ! 
P«Ste|fe^|gl 7 (S I 1 X 1 O^'cnrM 

RWvCcH^.^3nrfe*J. cn^b(?>±«:«iP-Gae.o 
Al. i AS <Zn K-:^, 2xi0*'cm-'> i^>^=>^f 5 

tCi*. p-CaAs3>^^Fi§l9 <2n 
g2l3!)^«3tl, S«l l<OTMU:4*Au-Ge*>6 

ii^^U, 18, 1 9*2giS<^>.^^'C?i^.'5iL/fc. 
[0 02 4] ^«*Oi^<^»LED«:li4fc«>«Ci*. # 
^ . < ^ ^» ^ ^ - C TTit^^^^S^^rgfi® 1 5 <0S^ 

rifi-a^-ri. 02tc> -*s^.tt«risst>A:j^msi^JtFi 

»FBi*ln..» (Ga.., AU.i )... P. -'^^J'^ 
lli*ln».. (Gao.i AU., PiO^-c. .•<y 

fljf^!IB:X4nni, 3- 5 naiil§<Ct->'C^**. 



«r»¥7 -8 663 7 
6 _ 
[ 0 0 2 6 ] \t%StO>fcH>lcm9 t(£*C0|t^S^^I^F> 

tCiE5Lfl>«}-«t»t&lt9U < ®®tc*^ D , p - 7 K 

< T ^ c i Ji-c^ ^tc *o 
[0026] Ctltc:3*H./ia20C^f cfc^^tC-^-n**. iE7L 

t>hct r-a^i^fe. fiP*> ^n^^ &mixw^ h 

[0 02 7l«B5SOLEDtC&t-r4*. J^S:)lGiC*tor 
3 1 0 c d <D(5il?!g45ti>^»^1i ^nfeo c nii, l n G a a 
! ptfitiJl«!:l'fe^^^*'^'^«^1**§LED<0^5<SO 

Tht. n^^^tXxk^.i (Ga»., A 1... > o.» P. 
MiJ tJgJi I rto.i <Gao., A!o.* P C'*> 

-5^^^' Ki§t^:©*>j£^^*ii'1^^5n«i'C. )l]8*t4nin, 3 
[0 02 8] C<C'J:'^tc. ;<«j-1r®J?35'p-i'^*;' 

[0029] *l«i6«3tC cfc ^, LED ICfec^^Cit^ 
40 eKWl/f lOcdC!>iap«<Mi3!>s{i^nA:o u 
-1f<Clc$C^i:^559 5nffi<^5rft*r <|lfe) asiiif^^ 

50 (|?fffitf^3) ®4ti:, T?^W(^)^3«>^fi6«K:tlfflt/fc 



http://vmw4Apdljpo.goop/tjcontenttms.ipdl?NOOOO=21^ 



3/4/2004 



Page l of 1 



[ 0 0 3 0 ] B4 < a > iC'ti^tc:li/< 'J-frSldir > K- 
..J )».! P. '"^'J-V^^k* I n»., <Gao., Al 

[0 03 1 ] SI4 <b> <DJ:^«:»<M-V'^:05nS 

[0033] ±^Lfc^mimX'{t^^^LisX 
i nGaA I P^^l'fedi. cntcK^-T ! nGa A s 



5) iSH¥7-88637 

o 

6. COJ:5^c*ft^l^cT|gtO'C. I nGa A I P 

[0034] bJ^uuisi^, mi^icmnf^X'^:^nfc 
TOT OS ^. -ecT-^c^^nrii, ^ft^^aiioc'ig^ 

[00351 06 tt^#^0!:-B5 a:^lli«^(Cfft?4S L £ 
D<O^Tn&^^^^mWCih^o ®4>3 n*!! - Ga 
AsSffiTftO. C(^MtS3 1C0^±CC. n-In 
<Ga,.. AU >.., Pi'^^K^34. In 
e.s (Ga,., AK ) o.» Pate©35. p-In 
».s <Ga,.. AK Pi?^'^ h")§38. d^fe^f 

(r-i. 4i^:/,'U'^^D«:<gg'r^» I nGa A I P&©<?>A 

3 6 <!: 0 ''^ 5 * ^^-/.'U^ ^ D^^y)Sj^e&$ nrc ^ -Sp 
[00361 3r:;','U'vf^D^ai:(C4*, p - I n» . , 
(Ga,.„ A U ) ».« PSCXP- I <Ga,,. 
AU >».« P:0^^^:t4JStSi^l&ji«:'^'ma^38J^^ 
.«S9^.«$n*C<r'l>. €g&l£StJ§3 8±(Ct^. p - I n 
Ga P3>^F^ hJ13 9aB:CXp-GaAft 3>»i? h 

30 9Ji{CAu-Zii/>*6^f^Pi!)^4 l/^^^.'lX^tl, ^ 
ti[3 lcr>fik-^^£®(CAu-Ge/^6'tc^niil%@4 2 

[0 03 71 *^c. m^iUMBB^^^hl iiGa 
A 1 P&SOA I fflflRw, vlt»*afitC«l/-Ci^1? 

y ^ (w-i- V) /2tcS^lETnii:j:c». EPfe, y = 0. 

\t. mr.{\n,.t (Ga.., A I.., >».. P, 10 
40 nm/lnAlPp I0nm>*i5 0*f, < I nt.i 
{Ga»., AK.. P. 5nfli/!nAlP. 5 
nm)3^^504. (in..i (Gap.. A I e.i) #.& 
P, 2ni!i/InA!P, 2n m) I 0 0 j*CDglg» 

[0038] ^i:4a, k\rxktco>j:i'!^rj.^'^il^'^om 

50 t:05T'&^>o 



http://vvw4ipdljpo.gojp/tjcontenttmsipdl?N0000=21&^ 3/4/2004 



Page 1 of I 



9 

[0039] * 'J rmat, m^^^uim 

n-GaAsSIS31 (SOiiffl, Sxio^cm M 
n- I nGaA 1 Pi^^5> K®34 < 1 iiin. 5x10 

! iiGaA I Pra4JS3 5 (0. 5mn, r>F-:?^) 
p-InGaAlP^5»v F)13 6 < 1 iim, 4 x i 0 

P- InGaA lP€iiM8l2@38 <0. 28fiin. 1 
X 1 0"cm") 

P- InGaP^iV^i'FQSSa (0. 02&^m. 

3x iC'cm ') 

p-GaAs=i>^i^ h©39 I) <0. Iwin, 3xi 

[ 0 0 4 0) ±i2iej£/>H«*<t>1i3ii^rjr^>e.i*. ®2 
t!t8i©3a*I uGaAl PJRW450^6fjri, ^^^tcji 

[004 1 ] P~ I nGa A I P^!t2LStJi384*, i 
nGaA ! PifiW4)!>^6rjt^Ratt^X'm^$nxo*o 
! iiGaA I Pff.tmii. A !ma±:*WJr&i. ^<> 

?J&&^^k:< <^t^ (KJtava eta1,lpn J.Appl .phvs.S 
A,1919(1993)) . 

[0 04 2] Sfc, pmS.^^.\iPhtiW^AZyLn 

1 8 ;^^^?£A? nfc^Sk* p - I n G a A I P«i3lE*fcft 
^3 8t:'^fi*C^CTfjrBrt-C+<>tc:ct;0^1>o 
[0 04 31 »jfe©:di#SfflA:*4*, J»^7»K®3 
6«:iiiai/fe(gcr@ilStt:Si(!^3 8t£iAtir*o SSSttS 

ffi<c rsi*> -7 r ^ ^ til ;^ ^ < ^> J: ^ me 3 n r c » 4S A: 

XiKo St-^ C. i?^ -:? K©3 6^iiiil/fei^<C, IS 
OJiOAl* ft *r# -7 T c ^ t: ^ . Sjitefifctfcll 3 8 tfi 
^CCBiPft WTi 0 WO ffl 3 n ^*<?)5i$;9iit*Q 

i^fj.KU'? tcitmi^^^&t C <t3&5X'§ -& J: ^ ^c^f 

[0 04 4 ] iMx^fcii^mm^xpmnmA \ o 

itliA^2 0 0 juin^^t/ Ci^.^U. I n^.i (Ga 



6) »H¥7-86637 

10 

AK > P?Slig3 5<OA m^iayCCO. 5«r 

[ 0 0 4 5 ] C CDJ: ^ (C«mff)(C,l: tildf, ^il^af&cc 
0^38^1?. ^'Jtc^ifr^^^MtStffc f nGaA I 
P mmiPhtl i^ft-^T^?ateSt© 3 8 «rtifi£ L -C C * 
^>^■c^^^ 0- 1 -aiimSiS(D5il§'C*-7T<b®^2 1 

h. 

[0046] ti^. ^^^4*±iiu^-c^6s^tcp^$n 

nGaA I PC'A I iiaitw^io'vcr:'^*— lEil/fc 
t(OnM^^&^^l*G a A I A s + '7^«:©.'a 

[00471 *^-c, ^mxu^'^n.^Tp^^m. @ 

ij^S^^(Cl nGaA 1 PJ3btm€:n^'A:9!yi. com 

f4^effl*^t>-t*T?*tM*«t:<, ivte. B'-ivfe. in- 
[0 04 81 

[ 0 0 4 9 ] S /c, -<&cft?« (!ft*3g2 ) 6c:j:ni#. ^tft 
50 Sf^gB#ll]<^@{bCj:0^£tti^t'?^^cC'4i^tf: 



http://ww4ipdljpo.gojp/tjcontenttms.ipdl?N0000=21&N0400=im^^ 3/4/2004 



Page 1 of r 



im\]mi (oms^mu:%hh l e D<D^i'mt:7ht 



[04] m3(omkmvmofcmQ'¥')^^^m<o 

[06] M5CC'|?6fe«qtCf^f;t)^>LEDCC'3S^1iiS^:?n^ 



[@7] ^5<iC*|^<&«^t:'^^m0A:@iifi^OX.rjU^ 
i] I nOaA I P%it^«Wr-S9£3^«>LEDc:> 



(?) «5H¥7 -8 6 63 7 

JU 

* [09] S£3^E<C■:I^StaTifF>§tt®©x4J^4^^--'<>K 
11,3 1 -n-Ga AsSffi 
1 2-- n -Ga As^^^?:? 
1 3 -:r^-.'ySfltS 

14, 34 -ft- I nGa Al P>^5>K® 
1 5-^as^fl:^>ifli!g 
16, 36--P- I nGaAl Pi75:?K® 
10 1 7 - I ft Ga A I PSStt«© 

1 S-p-Ga A I A«egft«:»Ja 
19, 39 l> p-GaA53>4?^^ 

2 1, 4 l"AKi-ZtiJi^hUhpm^^ 

2 2, 4 2- -Au-Ge^O^^^t^nffiUSS 

3 5- I nGaPi§ti@ 
3 a i3ftf €il^S$J§ 
39 a "p- I rtGaP3>4Pi^h© 



[Bl] 



[@2] 



.17 
13 



3SA" 

0 ^iUlJ^J^iWJV^^ 



feP^iasftA* I^PSffUOA" *fS3pgi30A' Si^-^ 



^ ^ •/ KB ^ * y 



jmnivJiru^vruiri-, 



http://www4.ipdl.jpo.go.jp/tjcontenttms.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/NSA.. . 3/4/2004 



Page 1 of 1 



(8) 



[114] 



(a) »pm 



[@6] 



1 CIZ 



38 




uirwr: 



[|M9] 



http://www4.ipdl.jpo.go.jp/tjcontenttms.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/NS A. .. 3/4/2004 



